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Electron ionization (EI) mass spectra are not very helpful for characterizing ortho, meta, and
para isomers of underivatized haloanilines since their spectra are virtually identical. In
contrast, when the amino group of chloro-, bromo-, or iodoanilines is transformed to an
N-formyl, N-acetyl, or N-benzoyl derivative, the spectra of the derivatives reveal a highly
dramatic loss of a halogen radical, instead of an HX elimination usually expected from an
“ortho effect.” For example, the spectra of N-formyl, N-acetyl, and N-benzoyl derivatives of
ortho isomers of chloro-, bromo-, and iodoanilines show a very prominent peak at m/z 120, 134,
and 196, respectively, for the loss of the corresponding halogen atom. (J Am Soc Mass
Spectrom 2008, 19, 1114–1118) © 2008 American Society for Mass SpectrometryHaloanilines are widely used as synthetic rawmaterials for azo dyes, or intermediates in themanufacture of agrochemicals, drugs, labora-
tory reagents, and many other industrial chemicals [1].
Because haloanilines are often discharged as industrial
waste into the environment, they constitute a significant
group of pollutants [2, 3]. Undoubtedly, isomer identifi-
cation of haloanilines is an important analytical problem,
particularly for metabolic studies, Gas chromatography–
mass spectrometry (GC/MS) is the preferred analytical
procedure because of its high specificity and sensitivity.
Although retention times are useful, characterization of
haloaniline isomers solely by their mass spectra is not
straightforward since the spectra are virtually identical.
We describe here the practical value of a rather under-
utilized, but useful, ortho effect, which can be used to
determine the substitution pattern of chloro-, bromo-,
and iodoaniline derivatives.
Experimental
Reagents and Sample Preparation
All reagents and solvents were purchased from Al-
drich Chemical Co. (St. Louis, MO, USA) and used as
obtained.
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For the preparation of the formyl derivatives, each
haloaniline was treated with concentrated formic acid
and the mixture was heated to 75 °C for 1 h. The excess
formic acid was removed with a stream of N2. A similar
procedure was used for the synthesis of acetyl deriva-
tives. A 1:1 mixture of acetic acid and acetic anhydride
was added to each haloaniline. After 30 min, the sam-
ples were dried with a stream of N2 to remove the
excess acetic acid. The benzoyl derivatives were formed
by mixing each haloaniline with aqueous NaOH and
benzoyl chloride. For the synthesis of 2,4,6-tribromo-
aniline, aniline was mixed with 10% Br2/H2O and after
10 min, the product was then extracted into diethyl
ether. The N-formyl, N-acetyl, and N-benzoyl deriva-
tives of 2,4,6-tribromoaniline were formed using the
methods described above. All of the derivatives formed
were crystalline in nature and were dissolved in dichlo-
romethane for GC/MS analysis.
EI Mass Spectrometry
Electron ionization (EI) mass spectra were recorded
using an HP 5989B quadrupole mass spectrometer
linked to a Hewlett Packard 5890 Series II gas chromato-
graph. Positive-ion electron-ionization mass spectra
were acquired from m/z 35 to 450. Samples (1.0 mg/mL
in dichloromethane) were introduced by splitless injec-
tion to a 30 m  0.25 mm capillary column coated with
a 0.25 m film of XTI-5 (5% diphenyl/95% dimethyl
polysiloxane; Restek, Bellefonte, PA, USA). The oven
temperature was maintained at 40 °C for the initial 2
min and increased at 15 °C/min to a final temperature
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isothermal for 10 min.
Results and Discussion
Haloanilines are a group of volatile compounds ame-
nable to GC/MS analysis. However, unequivocal iden-
Figure 1. Positive-ion electron-ionization (70
p-fluoroaniline (a), o-, m-, and p-chloroaniline
p-iodoaniline (d).tification of the ortho, meta, and para isomers of haloa-
nilines by EI/MS is not straightforward since their
spectra are virtually identical (Supplementary Figure
S1, which can be found in the electronic version of this
article supplmentary figure). Although there are minor
differences in the relative intensities of each peak cluster
that are sufficient for an advanced pattern-recognition
pectra of N-formyl derivatives of o-, m-, and
-, m-, and p-bromoaniline (c), and o-, m-, andeV) s
(b), o
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correct match, unfortunately the quality of spectra in
most commercial libraries is poor. Consequently, a
search against existing libraries failed to correctly iden-
tify the isomers of haloanilines. However, when the
spectra of haloanilines depicted in Supplementary Fig-
ure S1 were included in a user database, and used for
haloaniline isomer identification, significantly better
matches were obtained.
Generally, EI mass spectra of many 1,2-disubstituted
aromatic compounds are distinguishably different from
those of their meta or para isomers as the result of a
phenomenon known as the ortho effect [4]. According
to the conventional definition of the ortho effect [5–7],
a labile hydrogen is transferred from a donor func-
tional group attached to an ortho position of an
aromatic ring, via six-membered transition state [4,
8]. Consequently, a neutral molecule is eliminated to
give an odd-electron diene product that usually bears
the charge [9]. More general definitions given to the
ortho effect cover all aspects of interactions, includ-
ing the participation of higher-member transition
states and transfer of atoms and molecules other than
hydrogen [4].
Unfortunately, no ortho effect is noticeable in the
spectra of haloanilines (Supplementary Figure S1).
However, when the amino group of chloro-, bromo-, or
iodoanilines is transformed to an N-formyl, N-acetyl, or
N-benzoyl derivative, the spectra of the derivatives
revealed a highly dramatic “ortho effect,” in which the
halogen is lost as a radical. For example, the base peak
of the N-formyl-o-chloroaniline (1) spectrum is ob-
served at m/z 120. In contrast, a peak is absent at m/z 120
in the spectra of the corresponding meta and para
isomers (Figure 1b). Similarly, the m/z 120 is the most
abundant peak in the spectra of N-formyl-o-bromoaniline
(2, Figure 1c), and N-formyl-o-iodoaniline (3, Figure 1d)
(Scheme 1) as well. Besides the m/z 120 peak that is
characteristic for the ortho isomer, all other peaks ap-
pear to be common to all three isomers (Figure 1b–d).Scheme 1. Fragmentation ofHowever, it is not surprising that the N-formyl deriva-
tives of the fluoroanilines fail to show a peak for the loss
of the halogen atom since the COF bond is much
stronger than that of other carbon–halogen bonds (Fig-
ure 1a). The mechanism for the loss of the halogen
presumably follows a path similar to that proposed for
ortho-halogenated phenylureas, thioureas, carbamates
[10, 11], formamidines [12, 13], and phenylhydrazones
and 2,4-dinitrophenylhydrazones of benzaldehydes and ace-
tophenones [14]. Investigations by Grützmacher and
coworkers have established that the fragmentation fol-
lows a two-step addition/dissociation mechanism via a
-complex (10) leading to a benzoxazolium ion (11,
Scheme 1) [11, 13].
A similar halogen loss was observed with N-acetyl-
o-haloanilines, except those from o-fluoroanilines (Fig-
ure 2a). However, the assistance provided by the neigh-
boring methyl group for the elimination of the halogen
atom is much less than that provided by the hydrogen in
the N-formyl group. Consequently, the intensity of the m/z
134 peak in the spectrum of N-acetyl-o-chloroaniline (Fig-
ure 2b) is about 33% compared to the 100% peak atm/z 120
in the spectrum of N-formyl-o-chloroaniline (Figure 1b).
The spectra of bromo derivatives corroborate this conclu-
sion. Although bromine is a better leaving group than
chlorine, the intensity of the m/z 134 peak in the
spectrum of N-acetyl-o-bromoaniline is still 77% (Figure
2c). On the other hand, the m/z 134 peak in the spectrum
of N-acetyl-o-iodoaniline is 96%, given that iodine is the
best leaving group among halogens (Figure 2d). Fur-
thermore, the intensity of the peak for the halogen loss
is less intense for the N-benzoyl derivatives as well
(Supplementary Figure S2). Apparently, the electron-
withdrawing or -donating character of the R substituent
has a direct effect on the intensity of the resulting peak.
Thus, an electron-withdrawing group is expected to
facilitate the ipso electrophilic attack of the charged
carbonyl group to the benzene ring leading to electro-
philic aromatic substitution and consequent halogen
radical loss [15].o-haloaniline derivatives.
1117J Am Soc Mass Spectrom 2008, 19, 1114–1118 Ortho Effect of N-AcylhaloanilinesTo demonstrate the applicability of the generalizations,
the spectra of 2,4,6-tribromoaniline derivatives were re-
corded. In fact, the intensity of the peak originating from
the bromine loss could be semi-quantitatively predicted
by our rationalizations (Supplementary Figure S3). The
Figure 2. Positive-ion electron-ionization (70
p-fluoroaniline (a), o-, m-, and p-chloroaniline
p-iodoaniline (d).intensity of the peaks centered around m/z 292 and 354for the bromine loss from the N-acetyl and N-benzoyl
derivatives, respectively (Supplementary Figure S3c
and d), is less than that observed at m/z 278 for the
N-formyl derivative (Supplementary Figure S3b).
Generally, the ortho effect leads to a loss of a neutral
spectra of N-acetyl derivatives of o-, m-, and
-, m-, and p-bromoaniline (c), and o-, m-, andeV)
(b), omolecule, although sometimes a loss of a radical has also
1118 JARIWALA ET AL. J Am Soc Mass Spectrom 2008, 19, 1114–1118been noted. For example, the loss of a halogen radical has
been recognized as an indicator of 2,2=, 6,6= substitution in
dihalobiphenyls. Presumably, the halogen loss leads to the
formation of a planar, bridged halonium ion intermediate
[16], somewhat similar to the six-membered ring interme-
diate we have proposed here. Similarly, a loss of CH3O·
has been noted by Blachut et al. in the spectra of o-
methoxybenzylimine derivatives [17], and a significant
loss of H· has been reported from the spectra of N,N-
dimethyl-N=-phenylformamidine by Grützmacher and
Kuschel [18]. Compared to previously reported ortho
effects, the examples given here are highly dramatic
because the ion produced by the halogen loss, in most
cases, represents the base peak of the spectrum. Although
this effect had been observed as early as 1967 [10, 19, 20],
unfortunately it has not received much attention. For
example, no textbook on mass spectral interpretation uses
spectra of N-substituted haloanilines as typical examples
for demonstrating the ortho effect. Even a recent review
on mass spectrometry and gas-phase chemistry of anilines
failed to mention this strong ortho effect of acylanilines
[21]. Hopefully, results presented here will encourage
wider acknowledgment and practical usage of this dra-
matic effect.
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